Mental disorders are common chronic conditions among children and adolescents (Briggs-Gowan et al., 2000; Costello et al., 1988a; Goldberg et al., 1984; Haggerty et al., 1975; Kelleher et al., 2000) . The primary care setting is important for identifying and managing these disorders (Burns et al., 1995 (Burns et al., , 1997 because most children make at least one primary care visit each year. Moreover, those with psychosocial problems are more likely to see generalists than mental health specialists. Unfortunately, children frequently do not receive appropriate mental health treatments or referrals to specialists from the primary care clinician (PCC) (Costello et al., 1988b; Gardner et al., 2002b; Hoagwood et al., 2000; Horwitz et al., 1992) . One reason why children do not receive appropriate care is underidentification and inaccurate diagnosis by the PCC (Angold et al., 2000; Costello, 1986; Kelleher et al., 1997) .
Several authors recommend the use of screens or brief assessment tools to improve the identification and assessment of pediatric mental disorders in primary care (Cassidy and Jellinek, 1998; Grayson and Carlson, 1991) . However, previous work with a nationally representative sample of youths seen in primary care offices showed that PCCs rarely use diagnostic tools or apply standard psychiatric diagnostic criteria to their patients (Gardner et al., 2003 (Gardner et al., , 2004 . When such tools are used, it is generally to confirm the PCC_s initial impression or to monitor treatment outcomes. Moreover, despite primary care being specifically targeted as a site to improve pediatric mental health services, little work has been done to validate available psychosocial screens in that setting using standardized psychiatric interview assessments, the current diagnostic gold standard.
The Pediatric Symptom Checklist (PSC; Jellinek et al., 1979 Jellinek et al., , 1986 Jellinek et al., , 1988 Jellinek et al., , 1999 ) is a parent-completed scale developed as a measure of child functioning, and subsequently used as a screen for symptoms of emotional and behavioral disorders. The PSC-17 (Gardner et al., 1999 ) is a short form of the PSC with three subscales measuring common childhood Attention, Externalizing (i.e., disruptive behavior), and Internalizing (i.e., depression and anxiety) problems. The PSC-17 has been used successfully in primary care (Borowsky et al., 2003) . It has also been validated in specialty mental health settings against established selfand parent-report questionnaires (Gardner et al., 1999) .
This study examined whether the 17-item PSC (PSC-17), when completed by parents in a primary care setting, detected common pediatric mental health problems diagnosed using a standardized psychiatric research interview. We also examined how well the PSC-17 identified youths with psychosocial impairment, in which impairment was rated by either a psychiatrist or a parent. We evaluated the PSC-17 by comparing it against the performances of other widely accepted instruments.
METHOD

Participants/Subjects
We used a convenience sample of 269 children and adolescents ages 8 to 15 years who consecutively presented at primary care offices for well-child care, the evaluation of recurrent abdominal pain, or the assessment and management of other minor illnesses (e.g., nonfebrile viral illnesses, minor injuries, rashes). Youths were seen in five practices (two rural, two suburban, and one urban) operating at seven sites, all participating in a western Pennsylvania practice-based research network.
The subjects were participants in two studies that used a common screening methodology and assessment battery approved by the Human Rights Committee of the Children_s Hospital of Pittsburgh. The first study (N = 151), Anxiety and Recurrent Abdominal Pain, examined the association between pediatric recurrent abdominal pain and psychopathology. The second study, Effectiveness of On Site Mental Health Services in Pediatric Primary Care (N = 118), assessed mental health service use by youths considered at risk of anxiety or depression.
Procedure
Recruitment procedures and psychiatric research assessments for the two studies were virtually identical and were completed by the same research team. While waiting for a primary care office visit, the parent completed a screening packet that included the PSC-17 as part of routine care. About 2 weeks after the initial screen, subsamples of families were called by a research associate and invited to participate in the study. Families either returned to the practice or came to our research office. BAt risk[ in the Effectiveness of On Site Mental Health Services in Pediatric Primary Care study meant that the child had screened positive on the Short Mood and Feelings Questionnaire or on the five-question version of the Screen for Child Anxiety Related Emotional Disorders (SCARED) or parents had checked Byes[ when asked whether they were worried that their child was anxious or depressed. There they provided an informed consent, completed a semistructured psychiatric interview, and completed several child-and parent-report questionnaires. The research interviewer was blind to PSC-17 screening status and interviewed the parent(s) first, then the child alone, followed by meeting with parent(s) and child to resolve any areas of discrepancy.
Families were selected for the two studies based on positive screening results for the conditions of interest for each study: children with abdominal pain and normal controls in study 1 (Campo et al., , 2006 ) and children at risk for anxiety and depression in study 2. Therefore, our sample includes more children with psychosocial problems, particularly anxiety and depression, than would be found in an unselected primary care sample.
Across the two studies, 5,566 children were screened. Children were recruited to participate either because they had health problems that qualified them for the studies (study-eligible children) or to serve as pain-free controls in the abdominal pain sample. Based on the screen, 354 children were study-eligible (6.4% of those screened) and 2,140 were eligible to serve as controls in the abdominal pain sample (38.5% of those screened). We were able to contact 243 study-eligible children about participation in the research (68.6% of study-eligible), of whom 52 either refused participation or did not show up for their interviews (21.4%). Hence, 191 study-eligible patients participated. Unfortunately, we are unable to provide information on approaches and refusals for the 78 participants who served as controls within the abdominal pain sample. We could not locate data documenting approaches and refusals for these patients, although it was our impression that contact and refusal rates were similar to those for other patients in this study.
Measures
Screens. In addition to the PSC-17 and its subscales (Gardner et al., 1999) , the study included other self-and parent-report measures of child psychopathology that have been used for screening. The SCARED Hale et al., 2005 ) is a 41-item instrument with child self-report and parent proxy-report versions. Symptom severity is rated over the prior 3 months on a 3-point (0Y2) rating scale. The SCARED was completed at the time of the psychiatric assessment interview. To define a positive screen result, we used a SCARED Q25 (Boris Birmaher, M.D., developer of the SCARED, personal communication, 2005) . The Children_s Depression Inventory (CDI; Kovacs, 1985 ) is a 27-item self-report inventory of depressive symptoms in children. The CDI was completed by the child at the time of the psychiatric interview. To define a positive screen result, we used CDI score Q19 (Kovacs, 1992) . Finally, the Child Behavior Checklist (CBCL; Achenbach, 1997 ) is a 118-item parent-report questionnaire generating many scaled scores. In this study we used the Aggressive Behavior, AnxiousDepressed, Attention Problems, Externalizing, Internalizing, and Total Problems scores. To define a positive screen result, we used the T score value of Q67, which defines a borderline clinical case in the CBCL scoring manual.
Psychiatric Diagnosis. Diagnoses were determined using the Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime version (K-SADS-PL; Ambrosini, 2000; Kaufman et al., 1997) . The K-SADS interviewers were bachelor_s degreeYlevel staff trained by senior staff at the Advanced Center for Intervention and Services Resources for Early-Onset Mood and Anxiety Disorder at the Department of Psychiatry at the University of Pittsburgh, where the K-SADS was developed. Interviewers were trained using standard videotapes maintained by the Advanced Center for Intervention and Services Resources. Reliability meetings were held monthly, again using standard videotapes. The K-SADS involves an interview with the child and parent, and then the formation of a consensus diagnosis based on both. Dr. Campo reviewed all of the interviews and met with the interviewers to determine the consensus diagnoses. K-SADS-PL diagnoses were Bdefinite,[ meaning that subjects needed to meet full diagnostic criteria according to the DSM-IV (American Psychiatric Association, 2000).
Psychiatric Impairment. The clinician who administered the K-SADS-PL interview also rated current global mental health functioning using the Children_s Global Assessment Scale (Shaffer et al., 1983) . The parent also completed the 13-item Columbia Impairment Scale (Bird et al., 1993) .
Data Analysis
All of the analyses were based on combining results from five imputations of missing data using the Rubin EM algorithm method (Rubin, 1976; Schafer, 1997) implemented in the SAS procedures MI and MIANALYZE. We used receiver operating characteristics (ROC) curve analyses to assess the accuracy with which current K-SADS diagnoses were identified by the PSC-17 subscales and the comparison screens (McNeil and Hanley, 1984; Swets, 1988) . For each possible cut score on a screen, we calculated the true positive rate (i.e., the sensitivity or the proportion of cases as defined by the K-SADS that were also identified by the screen) and the falsepositive rate (i.e., specificity or the proportion of noncases as defined by the K-SADS that were identified as cases by the screen). The ROC curve is the line defined by this set of pairs. We used SAS PROC LOGISTIC to calculate the area under the curve (AUC) for the ROC curve. AUC = 1.0 is perfect prediction, whereas AUC = 0.5 is chance-level prediction. The ROC analyses assessed how well the screens functioned across the spectrum of possible cut scores defining positive cases.
We also calculated the sensitivity, the proportion of K-SADSPLYdiagnosed cases that screened positive, that is, P(S + |D + ), and specificity, the proportion of children without a given diagnosis that screened negative, that is, P(S j |D j ), of each screen. We evaluated each screen at the cut score identified by the screen_s developer as identifying a positive case. By definition, these statistics are independent of the prevalence, P(D + ), of a disorder in a sample. Finally, we estimated the positive predictive value (PPV, the proportion of cases screening positive that have a diagnosis) and the negative predictive value (NPV, the proportion of cases screening negative that lack the diagnosis) of each test. The PPV and NPV will vary depending on the prevalence of a diagnosis in a population. Because our sample includes more positive cases than would typically be found in primary care, the PPVs and NPVs calculated directly from our data are biased estimates of their values in unselected primary care samples. Therefore, instead of reporting our sample estimates of PPV and NPV, we calculated projected values by combining our estimated sensitivities and specificities with prevalences of disorders that were more likely to be found in primary care:
We calculated projected PPV and NPV for prevalence levels ranging from 5% to 15%, reflecting the range of prevalences for attention-deficit/hyperactivity disorder (ADHD), major depression, conduct disorder, or oppositional defiant disorder reported in epidemiological studies (see Figure 1 in Costello et al., 2005) . Table 1 presents sample demographics, means, and SDs for the screens, the rates of diagnoses, and rates of missing data for each measure. Thirty percent of children had a positive PSC-17 Total score, 15% were positive on the Attention subscale, 20% on the Externalizing subscale, and 36% on the Internalizing subscale. The PSC-17 was normed to generate 10% positive cases on each subscale in an unselected primary care sample (Gardner et al., 1999) . The rates of missing data were higher for the CBCL subscales primarily because it was the last item of an extensive research interview and some families were unable to stay until the end of the interview. Table 2 presents our scheme for partitioning K-SADS-PL diagnoses into categories that correspond to the global screening objectives of the PSC-17. Table 3 presents the AUCs (and 95% CIs around the AUCs) for the prediction of global categories of K-SADS-PL diagnoses using the PSC-17 and the comparison screens. For each K-SADS-PL diagnosis, the PSC-17 and the comparison screens performed similarly. The only statistically significant difference was that for the K-SADS-PL Anxiety Disorder subscale, the AUC for the parent-completed SCARED was greater than the PSC-17 Internalizing AUC. In general, the AUCs for K-SADS-PL ADHD and Externalizing Disorder were greater than the AUCs for K-SADS-PL Depression, Anxiety, and Internalizing Disorder.
RESULTS
AUCs for the ROC Curves for K-SADS-PL Disorders
Sensitivities, Specificities, PPVs, and NPVs Table 4 presents the sensitivity, specificity, PPV, and NPV for each screen at the clinical cutoffs specified by the screen_s developer. The sensitivities of all of the screens were moderate to low. Among the PSC-17 subscales the Attention subscale had particularly low sensitivity. Because the PSC-17 Attention and Externalizing subscales had strong AUCs, we wondered whether the low sensitivity may result from too high a cut score. We therefore calculated sensitivities and specificities for the PSC-17 subscales using lower cut scores, and Table 4 presents the resulting increased sensitivities.
For low-risk primary care populations, the projected PPVs were low, but they increased for higher risk populations. The projected NPVs of tests were high (usually Q0.97) when the primary care population was low risk (prevalence 5%) and fell to about 0.90 in highrisk populations (prevalence 15%). Increasing the sensitivity of the PSC-17 subscales by lowering their cut scores further reduces further reduces their PPVs.
Correlation With Impairment Measures
The PSC-17 Total score correlated with the Columbia Impairment Scale (r = 0.74; 95% CI 0.67Y0.79) as well as the CBCL Total Score with the Columbia Impairment Scale (r = 0.72; 95% CI 0.65Y0.77); the difference between these correlations was not statistically different (p = .10). Similarly, the PSC-17 Total score correlated with the CGAS (r = j0.64; 95% CI j0.71 to j0.55) as well as the CBCL Total Score (r = j0.60; 95% CI j0.67 to j0.52); again, the correlations were not statistically different (p = .11).
DISCUSSION
No single statistic captures the psychometric quality of an instrument. This is true in part because psychometric quality is multidimensional and, in part, because the utility of an instrument varies depending on the context in which it is deployed. Our results showed that the screens that we examined varied in their sensitivity, specificity, PPV, and NPV. By examining these results, clinicians can identify the instrument that is most useful for their specific patient population.
With some important caveats, these results supported the validity of the PSC-17 as a screen for several common pediatric mental disorders in primary care. The PSC-17 Externalizing subscale performed well in detecting externalizing disorders in the pediatric primary care setting. The PSC-17 Attention subscale had low to moderate sensitivity and higher specificity in detecting ADHD. In addition, the PSC-17 Total score was as good a predictor of functional status and impairment associated with mental health problems as the CBCL Total score.
The PSC-17 Internalizing subscale also performed well as a screen for depression. This was especially striking given that it is parent completed. Counter to our expectations that youth self-report would prove superior, the parent-completed PSC-17 Internalizing Note: PSC-17 = Pediatric Symptom Checklist-17 item version; CDI = Child Depression Inventory; SCARED = Screen for Child Anxiety-Related Emotional Disorders; CGAS = Children_s Global Assessment Scale; CIS = Columbia Impairment Scale; CBCL = Child Behavior Checklist. Note: AUC = area under the curve; PSC-17 = Pediatric Symptom Checklist-17 item version; SCARED = Screen for Child Anxiety-Related Emotional Disorders. The p value is the significance of the comparison of the screen_s AUC to the PSC-17_s AUC for that diagnosis. For all of the screens, the test of H 0 : AUC = 0.5 was significant, p < .0001. Note: K-SADS-PL = Schedule for Affective Disorders and Schizophrenia for School-Age ChildrenYPresent and Lifetime version; NOS = not otherwise specified; ADHD = attention-deficit/ hyperactivity disorder. subscale performed as well as the child-completed CDI as a screen for depressive disorders. The PSC-17 was less accurate for anxiety disorders. The most likely explanation is that only one question in the PSC-17 is directed toward Bworry. [ In summary, although many screening measures have been developed for specific psychiatric disorders such as anxiety or depression, most have not been extensively studied or validated in the primary care setting. Among the strengths of our study is that patients were recruited from and screened in working pediatric primary care offices. Moreover, although the original PSC has been administered and validated in primary care settings, it had not been validated using a standardized psychiatric interview assessment as the criterion standard. Our criterion measure was a widely accepted diagnostic interview, the K-SADS-PL, that was performed blind to completed screens and that incorporated information Note: Dx = diagnosis; Sens = Sensitivity; Spec = Specificity; PPV = positive predictive value; NPV = negative predictive value. SCARED = Screen for Anxiety-Related Emotional Disorders; PSC-17 = Pediatric Symptom Checklist-17 item version. The columns for 5% and 15% indicate the range of PPV and NPV values associated with these prevalences of disorders.
a PSC-17 Attention Q7, PSC-17 Internalizing Q5, PSC-17 Externalizing Q7, and PSC-17 Total Q15 are the standard cut scores for a positive screen.
b These are alternative PSC-17 cut scores for positive screens.
from both the child and parent. The present study supports the validity of the PSC-17 as a screen for youth psychosocial impairment in primary care, but it also supported the ability of this brief 17-item screen and its subscales to identify youths with ADHD, disruptive behavior disorders, and depression in primary care. This is noteworthy because the PSC-17 asks fewer questions than most disorder-specific screens. There are some important caveats to our endorsement of the PSC-17. All of the screens evaluated were less sensitive than we expected, including the PSC-17. Although we believe that routine screening in primary care settings would improve practice, some children with disorders would still be missed. One reason for the screens_ lack of sensitivity is that parents are sometimes poorly informed about their children_s problems or unwilling to acknowledge or disclose them (similar concerns apply to screens based on child self-reports). These problems produce many false-negative cases. The sensitivity of the PSC-17 scales can be improved by using lower screening cut scores, but with a cost in specificity and PPV. We stress that these alternate cut scores are merely suggestions. Further research is required to develop efficient yet accurate assessment tools.
When the prevalence of disorders is low, deficits in either sensitivity or specificity will result in low PPV, meaning that many children identified as positive by screen would not be confirmed as positive by diagnostic interview. Low PPV is a significant problem in primary care practice because practitioners must use screens to make decisions about the use of scarce or expensive referrals to specialists. Bennett and Offord (2001) have further argued that a low PPV is problematic because it means that many identified children will be falsepositive errors who are unnecessarily exposed to the risks of being labeled. This concern is valid; however, its implication for practice is that positive screening results should lead clinicians to further evaluate children, not to give them diagnostic labels.
Primary care is a demanding environment for screening because although assessments must be brief, low sensitivity or specificity in the context of low to moderate prevalence of disorders will result in low PPV. One strategy for improving the sensitivity and specificity of screens is computerized adaptive testing, in which the questions asked to parent or child are tailored to the respondent based on the answers previously given (Gardner et al., 2002a; Wainer, 2000) . Adaptive tests ask few questions when patients are clearly classifiable as positive or negative cases, and conduct detailed questioning when patients are harder to classify.
Limitations
Unfortunately, diagnostic interviews such as the K-SADS-PL are themselves fallible indicators of child mental illness. When the gold standard is fallible, it degrades the apparent performance of the screen. In addition, this study analyzed data originally collected for other purposes, using participants in two studies that oversampled participants having an anxiety or depressive disorder. This selection bias meant that we could not estimate the PPVs or NPVs of the screens in primary care directly from the data. Instead, we projected the PPVs and NPVs that would occur for plausible values of the prevalence of disorder in primary care. Our patients did not include any 6-or 7-year-old children, even though the PSC is commonly used with children this young. Our sample was 90% white, which limits the generalizability of our findings to the nonwhite population. Finally, the study cannot tell us whether screening for mental health problems with the PSC-17 will lead to improved outcomes or costeffective treatments. Similarly, we did not address whether existing mental health services in primary care could absorb or appropriately manage youths with identified mental disorders.
Clinical Implications
Our data show that the PSC-17 can screen for the most common pediatric mental disorders in primary care. Moreover, it measures child psychosocial impairment in a manner comparable to the widely accepted CBCL. It is less accurate for anxiety disorders. The brevity of the PSC-17 is advantageous because a collection of disorder-specific instruments or the comprehensive but long CBCL may be impractical to administer and score in primary care.
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